Background-This study compared the relative prognostic significance of 24 hour intra-arterial ambulatory systolic blood pressure (SBP), diastolic blood pressure (DBP), mean arterial pressure (MAP), and pulse pressure (PP) parameters in middle-aged versus elderly hypertensives. Methods and Results-A total of 546 subjects aged Ͻ60 years and 142 subjects aged Ն60 years who had undergone baseline pretreatment 24-hour intra-arterial ambulatory blood pressure monitoring were followed for 9.2Ϯ4.1 years. Multivariate analysis showed that in younger subjects, 24-hour, daytime, and nighttime DBP, MAP, and SBP, when considered individually, were positively related to morbid events; DBP parameters provided the best predictive values.
M
any observational studies evaluating the changing pattern of blood pressure with the aging process have shown a concomitant increase in systolic blood pressure (SBP), diastolic blood pressure (DBP), and pulse pressure (PP) until middle adult life. 1 Beyond the approximate age of 60 years, SBP continues to increase but DBP reaches a plateau or gradually falls, and this leads to an accelerated rise in PP. 1, 2 These observations have been made in the normal population using conventional clinic blood pressure measurements. However, 24-hour ambulatory blood pressure monitoring may provide a more representative measure of the daily blood pressure load, and many studies have shown this technique is superior to clinic blood pressure measurements for the prediction of cardiovascular morbidity and mortality. [3] [4] [5] [6] [7] The intra-arterial technique of ambulatory blood pressure monitoring provides direct beat-by-beat measurements of blood pressure and is considered the reference standard by which noninvasive monitors are validated. 8 A 10-year follow-up study of 688 hypertensive patients from our institution showed pretreatment 24-hour intra-arterial ambulatory blood pressure parameters provided independent prognostic information for the prediction of cardiovascular events, whereas clinic blood pressure measurements did not. 7 In the present analysis of the same hypertensive cohort, we hypothesized that in view of the age-related changes in blood pressure behavior, the relative prognostic significance of ambulatory SBP, DBP, PP, and mean arterial pressure (MAP) parameters in middle-aged versus elderly subjects may differ. Therefore, the aims of this study were to evaluate the age-related changes in 24-hour intra-arterial ambulatory SBP, DBP, MAP, and PP in our purely hypertensive population and to compare the prognostic significance of ambulatory blood pressure parameters in middle-aged versus elderly subjects.
Methods
During the period from January 1, 1979 , to January 1, 1993, 723 patients were subjected to 24-hour intra-arterial ambulatory blood pressure monitoring at our institution. 9 All patients were originally referred for the management of hypertension on the basis of a persistently elevated clinic blood pressure taken over a period of weeks to months in a primary care setting. At each hospital visit, a single blood pressure measurement was taken by a nurse or technician using the conventional auscultatory technique after 5 to 10 minutes of semisupine rest in a warm environment. The point of disappearance of auscultatory sounds was taken as the DBP. Secondary causes of hypertension were excluded, as far as possible, in all patients, as previously described. 9 Baseline clinic blood pressure was taken as the mean of Ն2 untreated readings at separate clinic visits in the 4 weeks before or after the intra-arterial study. Those in whom clinic SBP was Ն140 mm Hg or DBP was Ն90 mm Hg were requested to undergo 24-hour intra-arterial ambulatory blood pressure monitoring within 2 months.
Antihypertensive medication had either not been started or had been withdrawn in the 8 weeks preceding intra-arterial blood pressure monitoring. General practitioners were informed of the results of the test, and antihypertensive therapy was generally recommended if 24-hour ambulatory SBP was Ն140 mm Hg or DBP was Ն90 mm Hg. The treatment of lower ambulatory blood pressure readings was more conservative and discretionary. Subsequent assessment of blood pressure control and treatment was largely left to the individual physicians and was based on clinic blood pressure measurements in keeping with standard clinical practice.
Intra-Arterial Blood Pressure Monitoring
The technique of intra-arterial blood pressure recording used in this laboratory has been well documented, 10 as has the method of analysis. 11 Blood pressure was recorded from a fine brachial artery cannula using a specially designed transducer/perfusion unit and an Oxford Medilog Mark I tape recorder. The equipment was designed so that patients were fully ambulant and able to carry out their normal daily activities away from the hospital environment. The 24-hour tape recordings were analyzed on a custom-built hybrid computer using a program that calculated mean hourly blood pressure. Twenty-four hour mean SBP, DBP, MAP, and PP were calculated by averaging the 24-hour mean readings of these parameters. Blood pressure variability was expressed as the SD of mean hourly SBP and DBP, respectively. Daytime mean SBP, DBP, MAP, and PP were defined as the average of the hourly blood pressure readings from 6 AM to 10 PM, and the nighttime mean blood pressures were defined as those between 10 PM and 6 AM. 4 The nocturnal falls in SBP and DBP were calculated by subtracting respective nighttime mean from daytime mean blood pressure readings. Nondippers were defined as those who did not exhibit a reduction in mean SBP and DBP by Ն10% from day to night; the remaining subjects were classified as dippers. 4 
Follow-Up Evaluation
The study patients have been intermittently reviewed over the years to record clinic blood pressure, drug therapy, and the occurrence of interim cardiovascular events. Ethical approval for the most recent follow-up, performed during an 18-month period from 1994 to 1996, was gained from the hospital ethics committee before contacting patients or their family practitioners. To obtain complete mortality data, the dates and certified causes of interim deaths were obtained from the National Health Service Central Register, Southport, United Kingdom. The hospital records of all patients were also scrutinized. Survivors were invited to attend a follow-up evaluation for documentation of events, clinic blood pressure measurement on current treatment, serum creatinine estimation, and fasting cholesterol level. General practitioners of the nonattenders were sent a questionnaire for details on these patients.
Documented events consisted of noncardiovascular death, coronary death (myocardial infarction or ischemia, ventricular fibrillation, or cardiac failure), cerebrovascular death, peripheral vascular death, nonfatal myocardial infarction, nonfatal stroke, and coronary revascularization.
Statistical Analysis
Continuous variables were expressed as meanϮSD and categorical variables as proportions. The study population was dichotomized into those aged Ͻ60 years (middle-aged) and those Ն60 years (elderly), and between-group comparisons of clinical variables and blood pressure parameters were made using the 2-sample t test and Fisher's exact test. Within-group comparisons of those with and without events were made by univariate Cox proportional hazards analysis. Multivariate analyses were performed separately in each of the 2 age groups using a baseline Cox regression model containing age, sex (men versus women), race (South Asians versus whites and blacks versus whites), smoking (smokers versus nonsmokers), diabetes mellitus, previous cardiovascular disease, and fasting cholesterol level for predicting the time to experiencing a first event.
Separate regression models were then created by individually adding the clinic and ambulatory blood pressure parameters to the clinical variables to assess whether any of these parameters could enhance the predictive value of the model using the likelihood ratio test. Finally, a series of Kaplan-Meier survival curves were constructed for each group of patients to determine the effects of 24-hour mean SBP, DBP, MAP, and PP cut-off points of 160 mm Hg, 90 mm Hg, 110 mm Hg, and 70 mm Hg, respectively, on event-free survival after correction for clinical variables. In addition, the 24-hour mean SBP curves were adjusted for the effects of 24-hour mean DBP and vice versa; similarly, the 24-hour mean PP and 24-hour mean MAP curves were corrected for mutual effects on survival. PϽ0.05 was considered significant.
Results
The study population consisted of 688 patients (440 men and 248 women) with follow-up data, of whom 528 were white, 106 were South Asian, and 54 were black. A total of 157 first events were recorded during a mean follow-up period of 9.2Ϯ4.1 years, including 32 noncardiovascular deaths, 27 coronary deaths, 10 cerebrovascular deaths, 4 peripheral vascular deaths, 46 nonfatal myocardial infarctions, 20 nonfatal strokes, and 18 coronary revascularization procedures.
Relationship Between Age and Ambulatory Blood Pressure
Figures 1 and 2 show the trends of 24-hour mean SBP, DBP, MAP, and PP in 7 groups divided according to 5-year age strata from Ͻ40 years to Ն65 years. Although SBP and PP generally increased with age, DBP and MAP reached a plateau at 50 to 60 years, with a gradual and more apparent fall in DBP thereafter. As a continuous variable, age was strongly correlated with PP (rϭ0.51; PϽ0.001) and SBP (rϭ0.33; PϽ0.001), weakly correlated with MAP (rϭ0.14; Pϭ0.008), and bore no relationship with DBP.
Comparison of Demographic Characteristics in Patients
As shown in Table 1 , the proportions of men, diabetics, and smokers in the elderly and middle-aged groups were similar, but a higher mean total cholesterol level and greater proportions of white subjects and those with previous cardiovascular disease were noted in the elderly group. Within each age group, the proportions of men, smokers, diabetics, and those with a previous history of cardiovascular disease were significantly greater in the subgroups with events than in those without events. Higher mean age and total cholesterol levels were observed in those with events compared with those without events in the younger subjects only.
Comparison of Clinic and Ambulatory Blood Pressure Parameters
Clinic SBP, DBP, MAP, and PP levels were higher in those aged Ն60 years compared with those aged Ͻ60 years (Table  2 ). In the younger group, clinic SBP, DBP, and MAP were higher in those with events than in those without events, but there was no significant difference in clinic PP. However, in the elderly group, none of the clinic blood pressure measurements could distinguish between those with and without events.
Consistent with the ambulatory blood pressure trends noted in Figures 1 and 2 , the elderly subjects had higher 24-hour mean, daytime mean, and nighttime mean SBP and PP levels but similar MAP and lower DBP levels than those aged Ͻ60 years. Within each age group, those with events had higher 24-hour mean, daytime mean, and nighttime mean SBP, PP, and MAP levels than those without events. Whereas in the 
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Aging, Blood Pressure, and Prognosisyounger group, 24-hour mean, daytime mean, and nighttime mean DBP were higher in those with events, in the elderly group, there was a trend toward lower DBP levels in those who experienced an event. Although there was a greater proportion of nondippers and lower nocturnal reductions in SBP and DBP in the elderly compared with the younger group, within-group comparisons of those with and without events did not reveal any significant differences in these variables. Moreover, the SDs of mean hourly SBP and DBP were not able to discriminate between age groups or events.
Mulitvariate Analysis
As summarized in Table 3 , multivariate analysis in those aged Ͻ60 years showed that the addition of ambulatory DBP or MAP parameters, whether 24-hour mean, daytime mean, or nighttime mean, to the baseline model provided the best predictive value. The inclusion of ambulatory SBP values also significantly improved the fit of the model, but PP measurements did not exhibit any predictive value. In the older subjects, ambulatory PP followed by SBP parameters were the most predictive blood pressure variables, whereas DBP or MAP values failed to provide any significant prognostic information. When 24-hour mean values of SBP and DBP were jointly included in the baseline model, DBP (zϭ2.02, Pϭ0.04) but not SBP (zϭϪ0.43, Pϭ0.67) was related to outcome in younger subjects. However, in the elderly group, SBP (zϭ3.33, Pϭ0.001) was positively and DBP (zϭϪ1.75, Pϭ0.07) was negatively related to outcome. Notably, neither the measures of blood pressure variability (including hourly standard deviations of blood pressure, nocturnal falls in blood pressure, and nondipper status) nor the clinic blood pressure measurements were able to provide any independent prognostic information in either age group.
Kaplan-Meier Survival Curve Analysis
Figures 3 and 4 illustrate the findings of Kaplan-Meier survival curve analysis in the 2 age groups using 24-hour mean SBP, DBP, MAP, and PP cut-off points of 160 mm Hg, 90 mm Hg, 110 mm Hg, and 70 mm Hg, respectively, after adjustment for clinical variables and respective blood pressure variables. The effects of age and PP on event-free survival were additive. Survival rates were highest in those aged Ͻ60 years with a PP Ͻ70 mm Hg and lowest in those aged Ն60 years with a PP Ն70 mm Hg; survival in the other 2 groups was intermediate. In those aged Ͻ60 years, survival outcome was similar whether the SBP was above or below 160 mm Hg or DBP above or below 90 mm Hg. However, in the older age group, there was a trend toward reduced survival in those with an SBP Ն160 mm Hg (compared with those with an SBP Ͻ160 mm Hg; hazard ratio, 1.6; 95% CI, 0.9 to 2.9; Pϭ0.11) and in those with a DBP Ͻ90 mm Hg (compared with those with a DBP Ն90 mm Hg; hazard ratio, 1.3; 95% CI, 0.7 to 2.2; PϭNS).
Discussion
The present study evaluated the prognostic effects of intraarterial ambulatory blood pressure parameters in the context of the observed age-related changes in blood pressure in a hypertensive population. Although 24-hour mean values of SBP and PP progressively increased with age, a plateau effect of DBP was observed between 50 and 60 years, followed by a gradual reduction in DBP beyond the age of 60 years. This differing pattern of blood pressure from middle adult life to advanced age confirms the findings of other population studies and formed the basis for dividing our study population into those older than and younger than 60 years. In those aged Ͻ60 years, ambulatory DBP followed by MAP parameters, whether 24-hour mean, daytime mean, or nighttime mean, provided the most incremental value for the prediction of morbid events in conjunction with clinical variables; ambulatory SBP parameters also improved the prediction of events, but to a lesser extent than DBP or MAP readings. In contrast, in those aged Ն60 years, ambulatory PP followed by SBP parameters were the best predictors of events, whereas DBP and MAP values failed to provide any additional prognostic information over and above clinical variables. In this elderly group, the inclusion of both 24-hour mean SBP and DBP in the multivariate model suggested that the direct association of PP with subsequent morbidity and mortality was due to the independent effects of both elevated SBP and reduced DBP. This was further supported by the Kaplan-Meier survival curve analysis showing 24-hour mean values of SBP Ն160 mm Hg and DBP Ͻ90 mm Hg were associated with an adverse outcome in those aged Ն60 years. These findings suggest that the prognostic significance of ambulatory SBP, DBP, MAP, and PP measurements depend on the age group evaluated. In both age groups, clinic blood pressure measurements and markers of blood pressure variability failed to provide any independent prognostic information in conjunction with clinical variables.
Although an elevated clinic DBP has historically been associated with increased cardiovascular risk, studies from which this relationship was described often consisted of relatively younger subjects in whom systolic and pulsatile components of blood pressure were not adequately appraised. 12, 13 The emphasis on DBP was subsequently strengthened by a number of therapeutic trials showing the benefits of treating hypertension defined on the basis of an elevated DBP. However, recent studies evaluating the relative prognostic effects of SBP, DBP, MAP, and PP in older age groups have results that are consistent with our findings of a negative association of DBP with subsequent outcome, 14 -17 suggesting that the use of a threshold level of DBP as a criterion for antihypertensive treatment may not be appropriate in the elderly.
Only 4 studies have previously attempted to determine the contribution of the different blood pressure components to cardiovascular risk in different age groups. As early as 1971, data from the Framingham study showed that DBP was the best discriminator of coronary heart disease risk in men younger than 45 years. 18 Beyond this age, a trend of declining relative importance of DBP and a corresponding increase in the importance of SBP was noted in both sexes. Recent reanalysis of the Framingham data restricted to those older than 50 years showed that the inclusion of PP with clinical variables provided the best model for the prediction of events. 17 Darne et al 14 showed that the steady component of blood pressure was a strong risk factor for cardiovascular death in both sexes, but in women older than 55 years, the pulsatile component seemed to predict risk independently of the steady component. However, the number of cardiovascular deaths observed in women was small, raising uncertainty regarding the true significance of this finding. A study conducted by the Veterans Administration showed that when SBP and DBP were considered jointly in a multivariate model containing clinical variables, SBP but not DBP was related to cardiovascular death in men aged Ͻ60 years, whereas in older men, SBP was positively and DBP negatively related to outcome, suggesting that PP was the best hemodynamic predictor of outcome in the elderly. 19 Benetos et al 16 showed that MAP and PP were independent predictors of all-cause, noncardiovascular, total cardiovascular, and coronary mortality in normotensive and hypertensive men older and younger than 55 years.
The prognostic importance of DBP and MAP in middleaged individuals and SBP and PP in the elderly may be attributed, at least in part, to the interaction between peripheral vascular resistance and arterial stiffness at these different stages of adult life. Peripheral resistance increases with age and, at a given cardiac output, this causes an increase in MAP, DBP, and SBP 20 -22 ; increased arterial stiffness manifests in the later stages of life and leads to an increase in SBP, a decrease in DBP, and a consequent rise in PP. 20, [23] [24] [25] The progressive rise of both SBP and DBP in middle-aged individuals relates to the predominance of increased peripheral resistance, whereas the plateau or fall in DBP, continued rise in SBP, and the increased slope of PP beyond the sixth decade signifies the preponderance of arterial stiffness in the elderly, albeit associated with an increased peripheral resistance. 2 Therefore, the importance of DBP as a predictor of events in middle-aged individuals may reflect the dominant role of increased peripheral resistance in determining blood pressure behavior in this age group.
The prognostic significance of PP in the elderly may be assigned mainly to blood pressure changes induced by an increase in arterial stiffness, as implied by the independent contributions of both an elevated SBP and reduced DBP. The elevation in SBP caused by an increase in both peripheral resistance and arterial stiffness leads to a disproportionate increase in end-systolic stress, which in turn increases myocardial oxygen consumption, promotes left ventricular hypertrophy, and can compromise coronary perfusion. 26, 27 Because perfusion to the coronary circulation occurs predominantly in diastole, a concomitant reduction in DBP due to increased arterial stiffening may further impair myocardial blood flow and promote ischemia, particularly in the presence of existing atherosclerotic disease. Indeed, it has previously been shown that an increase in arterial stiffness accompanied by a decline in DBP is associated with a progression of atherosclerotic disease with advancing age. 28 
Limitations
The majority of the prognostically important baseline demographic parameters were assessed in this study, but family history of cardiovascular disease was inadequately documented and, hence, not taken into account. Although the much-quoted New Zealand chart for the assessment of cardiovascular risk 29 does not include an evaluation of family history, data from the Framingham study suggest that this variable is an independent risk factor for coronary heart disease. 30 Therefore, it is possible that an evaluation of family history of cardiovascular disease may have altered the findings of multivariate analysis, but the inclusion of noncardiovascular death as an end point in our study may have dampened its effects. In addition, the limited sample size of our study with dichotomization of patients on the basis of age prohibited further subgroup analysis on the basis of sex or event type.
Finally, the assessment of blood pressure control and the administration of antihypertensive drug therapy did not follow a formalized protocol; they were left entirely to the discretion of the attending physician of the hypertension clinic or the family practitioner. Therefore, it was not possible
